The stimulatory effect of phytin added to skim milk on acid production by Lactobacillus casei was examined. Phytin stimulated acid production by L. casei fairly well. The stimulatory effect of phytin on acid production was not shown when phytin was treated with Dowex 50 (H+) and neutralized by NaOH solution. The incinerated product of phytin maintained almost equal stimulatory effect on acid production as that before processing. The addition of Mn2+ in the amount contained in a reagent phytin augmented the stimulatory effect on acid production markedly. The further addition of Fe3+, Ca2+, Mg2 and PO43-in amounts corresponding to their contents in the preparation of phytin as well as Mn2+ increased the effect slightly. The four preparations of phytin contained 0.045-0.20% of Mn, and the greater the Mn content was, the greater the potentiation of acid production.
phytin on the growth of lactic acid bacteria. Nishihara revealed that phytin added to non-boiled Koji-juice medium or Thompson synthetic medium stimulated the growth of lactic acid bacteria in her study of rice bran mash for pickling, while Shibata demonstrated that phytic acid and various phytic salts stimulated the growth of lactic acid bacteria in skim milk medium by measuring the number of live bacteria and amount of acid production.
We (4) found that rice germ showed a distinct stimulatory effect on acid production by Lactobacillus casei, and wished to elucidate the acid production stimulating compound in rice germ.
First, however, attention was directed to reporting on stimulating the growth of lactic acid bacteria by phytin; thus, the effect of the compound on acid production when it is added to skim milk was examined. (9) , Ca by direct titration with NN indicator of the chelating method (10) and P by molybdenum blue colorimetric analysis (Method I) (11) . Mg was assayed by indirect titration, subtracting the amount of Ca from the total amount of Ca and Mg (12) . Tables 1 and 2 show the results of the acid production-stimulating effect on L. casei YIT-9018 by the addition of 0.1% of Phytin A or B to the medium. Phytin A and B stimulated acid production fairly well, similarly to rice germ extract.
Results and discussion
Phytin is the Ca, Mg and K salts of the hexaphosphoric acid ester of inositol. The question was whether the stimulatory effect of phytin on acid prouction of L. casei belonged to phytin itself or its constituents. Thus, Phytin A and the reagent phytin were treated by Dowex 50 (H+) and the phytic acid solutions obtained by eliminating the cation part were neutralized by NaOH solution. These solutions, as well as Phytin A or the reagent phytin (Katayama Kagaku) for comparison were, added to culture media and their effects on acid poduction were examined using L. casei YIT-9018.
In the results, stimulation of acid production of L. casei was absent in the media containing the NaOH-neutralized product of phytic acid prepared by elimi nating the cation part of phytin by Dowex 50 (H+) processing. This result suggests that the cation part of phytin used as a sample had an acid production-stimulating effect. If the cation part eliminated by Dowex 50 processing was an inorganic compound, the incinerated product of phytin should show the acid production To 100mL of skim milk, 100mg of phytin or its ash was added.
stimulating effect. Thus, the reagent phytin (Katayama Kagaku) was incinerated and the acid production-stimulating effect of the product was examined using L . casei YIT-9018 and L. casei S-l; Table 3 shows the results. The incinerated product of phytin showed an acid production-stimulating effect almost equal to that shown before incineration. Among minerals, at least generally Mn and Mg are believed to be required for the growth of lactic acid bacteria. For example, Sabine and Vaselekos (13) have shown that only Mn2+ and Mg2+ are essential for L. acidophilus. Strains that require Ca, Fe, P besides Mn and Mg may exist.
Ahmed et al. (14) found that all the tested strains of L. acidophilus exhibited great acid production when milk was supplemented with Mn2t On the other hand, we (15) demonstrated that Mn2+ shows a distinct acid production-stimulating effect on L. casei in skim milk.
Thus, it was believed that Mn might be contained in the preparation of phytin or there might be an influence of other inorganic materials. Then , Ca, Mg, P, Fe and Mn, which seemed to be present in phytin, were assayed. As the result, it was found that the reagent phytin (Katayama Kagaku) contained 17 .4% P, 8.5% Ca, 8.1%Mg, 0.24% Fe and 0.05%Mn. Since the Mn concentration was in 0.05% , it was naturally considered that this was the main factor stimulating acid production. Mn2+ and other inorganic materials were added respectively and the stimulation of acid production examined.
As shown in Table 4 , the addition of Mn2+ stimulated acid production markedly while further addition of Fe3+, Mg2+, Ca2+, and PO43-increased the effect slightly, approximating the effect of the incinerated compound. Table 5 shows the acid production-stimulating effects of the two samples of reagent phytin on the market as well as Phytin A and B when they were added to skim milk at the concentration of 0.1%, including the data of Mn content in them . The Mn concentration was highest in Phytin A followed by Phytin B and the reagent phytins. The products containing higher amounts of Mn showed a greater acid production-stimulating effect. 
